A novel i.v. lipid preparation (MCT:FO) containing 80% medium chain-triacylglycerols and 20% fish oil was recently developed to rapidly replenish cell membrane phospholipids with omega 3 (n-3) polyunsaturated fatty acids (PUFA). In regard of this property, we investigated the effect of a single i.v. administration of MCT:FO on the recovery of cardiac function after ischemia in control and n-3-depleted rats. Results were compared with those obtained either with a control preparation, where FO was replaced by triolein (MCT:OO), or with saline. Saline (1 ml) or lipid preparation (also 1 ml) was injected as a bolus via the left saphenous vein. After 60 min the heart was removed and perfused for 20 min in normoxic conditions according to Langendorff. Thereafter, the heart was subjected to a 20 min zero-flow normothermic ischemia, followed by 40 min reperfusion. Cardiac mechanical and metabolic functions were monitored. In control rats, the previous administration of a lipid preparation (MCT:FO or MCT:OO) versus saline improved cardiac function during aerobic reperfusion post-ischemia. N-3-depleted rats showed decreased basal cardiac function and impaired recovery following ischemia. However, the bolus injection of MCT:FO opposed the deleterious effect of longterm n-3-deficiency and, in this respect, was superior to MCT:OO over the first 20 min of reperfusion. This novel approach to rapidly correct n-3 PUFA-deficiency might be clinically relevant and offer interesting perspectives in the management of acute ischemic accidents.
Introduction
Ischemic heart disease is the leading cause of death in the world and will probably remain at the top ranking of mortality causes in 2020 (1) . Dietary choices may have a role in the prevention and causation of coronary heart diseases (CHD) and numerous studies have shown a relationship between high consumption of fatty fish oil and low mortality following CHD (2, 3) . Even if the role of diet in promoting health and preventing disease is difficult to elucidate due to the complex network of nutrients and other ingredients (4), the beneficial effects of eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids on CHD outcome have been largely documented. Dietary supplementation of EPA and DHA was shown to exert protective effects on cardiac function and to decrease the incidence and complications of cardiovascular diseases (5, 6) . Unfortunately, the evolution of nutritional habits in Western populations is characterized by a substantial decrease of n-3 together with an increase of n-6 polyunsaturated fatty acids (PUFA) intake (7) . Hence, current Western diets decrease the n-3/n-6 ratio in cell membrane phospholipids.
One hypothesis to explain the cardioprotective effects of n-3 PUFA is via their incorporation into cardiac cell membrane phospholipids which induces a direct effect on voltage-gated ionic channels (8) and/or modifies intracellular calcium homeostasis (9) . In some acute clinical situations such as myocardial infarction, it may be advantageous to rapidly modify the n-3 PUFA content in cardiac cell phospholipids; this may not be achieved by oral supplementation with fish oil which generally leads to a significant enrichment after 2 weeks (10) . In a recent study on a limited number of patients, Schrepf et al have shown that intravenous (i.v.) administration of a lipid emulsion made of fish oil had a protective effect on severe cardiac arrhythmias (11) . Nevertheless, since plasma clearance of this preparation is fairly slow and requires low infusion rate, anti-arrhythmic effects may not be expected before 4-6 h (11). To accelerate the process, new lipid preparations were developed to rapidly correct n-3 PUFA deficiency by incorporation of these fatty acids in cell membranes. As recently shown, a single i.v. injection of this novel lipid preparation (MCT:FO) containing 80% medium chaintriacylglycerols and 20% fish oil (with 0.4% (w/v) ·-tocopherol) increases within 60 min the n-3 PUFA content of blood leucocyte and platelet phospholipids in healthy volunteers (12) . The same pattern was observed in several tissues in animal studies (unpublished data). The purpose of the present study was to investigate whether a bolus i.v. administration of MCT:FO preparation 60-min before heart removal can improve the ability of cardiac muscle to recover its function after an ischemic period in isolated perfused rat hearts. The results were compared to those obtained after i.v. injection of either a control preparation (MCT:OO) with 80% medium chain-triacylglycerols and 20% triolein, or saline. Since the n-3/n-6 ratio is high in laboratory animals fed regular chow diets, experiments were also conducted in animals depleted of n-3 PUFA for 2 generations. The experimental design also allowed, in animals injected with saline, to document the effect of long-term n-3 PUFA deficiency on cardiac function. To our knowledge, no previous information is available on the possible effects of long-term n-3 PUFA deficiency upon basal cardiac function and the ability of cardiac muscle to recover after an ischemic episode.
Materials and methods
Animal model. The present study was carried out in accordance with the French Government guidelines for the care and use of laboratory animals. Animals were housed in an animal quarter with control of temperature (24˚C), hygrometry (60%) and brightness/darkness cycle (12 h/12 h). Two groups of animals were used for this study. The first group (control animals) was composed of 24 male Wistar rats (14 weeks old, 400-550 g body weight) fed a commercially available chow diet (A03; Usine d'Alimentation Rationnelle, Epinay-surOrge, France). The second group of thirty-four male Wistar rats (14 weeks old, 450-550 g body weight) was fed a n-3 PUFA deficient diet (n-3-depleted animals). These animals were issued from two generations of rats fed the n-3 PUFA deficient diet (13) . All animals had ad libitum access to food and water.
The control diet contained (g/kg diet) 189 protein, 400 carbohydrate (including 38% starch), 40 lipid (soya oil cake), 32 cellulose, 46 of a vitamin and mineral mixture and 97 water. The n-3 PUFA deficient diet contained (g/kg diet) 230 casein, 360 cornstarch, 260 saccharose, 50 sunflower oil, 20 agar-agar, 20 cellulose, 50 of vitamin mixture and 10 of mineral mixture. The fatty acid pattern of both diets is documented in Table I . The C18:3 n-3 weight percentage was 25 times lower in the n-3 PUFA deficient than in the control diet. Other differences included higher C16:0, C18:0 and C18:1 n-9 and lower C18:2 n-6 relative content in the n-3 PUFA deficient compared to the control diet.
Lipid preparations. Both MCT:FO and MCT:OO lipid preparations were manufactured by B. Braun Melsungen AG (Melsungen, Germany). The fatty acid pattern of these preparations is shown in Table II . The total fatty acyl content of triacylglycerols was comparable between the two preparations, amounting 174.1±3.7 mg/l. The most abundant fatty acids in the triacylglycerols were C8:0 (49.2±3.7%) and C10:0 (34.5±0.4%). The n-3 PUFAs C20:5 n-3, C22:5 n-3 and C22:6 n-3 amounted to 8.4% in the triacylglycerols of the MCT:FO preparation, while being undetected in the triacylglycerols of the MCT:OO preparation. Inversely, the weight percentage of C18:1 n-9 (15.5 versus 0.9%) and C18:2 n-6 (2.6 versus 0.1%) was much higher in the triacylglycerols of the MCT:OO preparation as compared to those of the MCT:FO preparation.
The total fatty acyl content of phospholipids averaged 8.9±0.5 mg/ml. Only minor differences in the weight percentage of C8:0, C10:0 and C20:5 n-3 were found in the phospholipids of the two preparations. The most abundant fatty acids in the phospholipids were C16:0 (32.2±0.1%), C18:1 n-9 (24.4±0.7%), C18:2 n-6 (18.7±0.6%), C18:0 (11.8±0.5%), C20:4 n-6 (6.1±0.1%) and C22:6 n-3 (3.8±0.1%).
The unesterified fatty acids only accounted for 0.5±0.1% of the total amount of fatty acids present in the two preparation, i.e. 190.7±1.5 mg/ml. They consisted mainly of mediumchain fatty acids C8:0 (16.1±0.7%) and C10:0 (12.0±0.4%), as well as of C16:0 (18.0±1.0 %), C18:1 n-9 (31.1 % in the MCT:OO preparation and 21.8% in the MCT:FO preparation), and C18:2 n-6 (8.0±0.5%). The n-3 PUFA C20:5 n-3 and C22:5 n-3 represented, respectively, 4.3 and 5.8% of the total amount of unesterified fatty acids in the MCT:FO, whilst being undetectable in the unesterified fatty acids of the MCT:OO preparation.
Heart perfusion. The animals were anesthetized by intraperitoneal injection of pentobarbital sodium (50 mg/kg body weight). One ml of lipid preparation (MCT:FO or MCT:OO) was injected via the left saphenous vein and the animals were positioned on a heating pad to maintain constant body temperature. After 60 min, the animals were intravenously Table I . Fatty acid pattern (ponderal percentage) of lipids in the diets.
13. 
Lower and upper limit of separate determinations (n=2).
b ND, not detected.
heparinized (1000 IU/kg of body weight) through the right saphenous vein. After a rapid thoracotomy, the heart was quickly removed and immediately immersed in a large volume of cold (4˚C) Krebs-Henseleit buffer. The heart was then perfused at 37˚C according to the Langendorff model (14) , in absence of albumin, with a Krebs-Henseleit buffer composed of NaCl (129 mM), KCl (5.6 mM), MgCl 2 (2.4 mM), NaHCO 3 (21 mM) and CaCl 2 (2.5 mM). The perfusion fluid, continuously bubbled with carbogen (95% O 2 -5% CO 2 ), was supplemented with D-glucose (11 mM) and sodium hexanoate (0.5 mM) as a water-soluble source of fatty acid. The perfusion pressure was maintained at 74 mmHg in order to insure a sufficient supply of perfusion medium into the coronary network. A fluid-filled latex balloon was inserted into the left ventricle via the left atrium to measure left ventricle pressure and heart rate (HR). The balloon was connected to a Capto SP-844 pressure transducer (ADInstruments, Colorado Springs, USA) through a short polyethylene catheter (PE190). Pressure signals were amplified with a bridge amplifier connected to a PowerLab data acquisition system (ADInstruments, PowerLab ® ). The diastolic pressure was adjusted at a value close to 5 mmHg. The heart was then placed in a thermostabilized chamber allowing warming of the organ. All parameters of cardiac function were recorded and calculated with an appropriate software (ADInstruments, Chart™ software). The left ventricular developed pressure (LVDP) was calculated as the difference between systolic and diastolic pressures. The rate x pressure product (RPP), which is the product of left ventricular developed pressure times the heart rate, was used as an index of cardiac work.
The pulmonary artery was cannulated to collect the coronary effluent in a chamber in which a Clarke oxygen electrode (Instech, Plymouth, USA) was positioned. The electrode was connected to an oxygraph (Model 203, Instech) which allowed the continuous determination of venous oxygen pressure. Arterial oxygen pressure was also monitored continuously. Oxygen consumption was calculated according to the formula: JO 2 = [(a -v) x 1.53 x Cf] / HW where JO 2 is the oxygen consumption [μmol/min/g wet weight (w.w.)], a the arterial oxygen pressure (mmHg), v the venous oxygen pressure (mmHg), 1.53 the oxygen dilution factor in the gassed Krebs-Henseleit buffer (μmol/mmHg/l) (15) , Cf the coronary flow (l/min) which was determined by measuring the volume of the coronary effluents collected over one minute, and HW the heart weight (g w.w.). In Tables III and IV , Cf is expressed in ml/min/g w.w. Table II . Fatty acid pattern of the MCT:00 and MCT:FO preparations. 
a PL, phospholipids; TG, triacylglycerols; DG, diacylglycerols; NEFA, non-esterified fatty acids.
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Experimental protocol. The hearts were perfused for 20 min under normoxic conditions. Thereafter, the thermostabilized chamber was filled with Krebs-Henseleit buffer maintained at 37˚C and the hearts were subjected to a 20-min zero-flow normothermic ischemia followed by a 40-min reperfusion. At the beginning of reperfusion, the thermostabilized chamber surrounding the heart was emptied. Aliquots of coronary effluents were collected just before ischemia and again at 2, 4, 6, 8, 10, 15, 20, 25, 30, 35 and 40 min post-ischemia, and stored at -20˚C for lactate determination.
Measurement of lactate release. Lactate concentration in the coronary effluents was determined spectrophotometrically (16) . Lactate release from heart (Jlactate) was calculated as the product of lactate concentration in the effluents times coronary flow. It was expressed per g wet weight (μmol/min/ g w.w.).
Statistical analysis.
The results are presented as mean values ± SEM. Data describing the wet heart weight and cardiac function at the end of the stabilization period was subjected to a 1-way analysis of variance describing the effect of n-3 PUFA deficiency or preparation injection. Data of postischemic cardiac function was subjected to a repeatedmeasurement analysis of variance describing the effect of dietary n-3 PUFA deficiency or preparation injection (group ef., external factor), that of the reperfusion duration and the cross-interaction (C.I.) between both factors. When necessary, a comparison of the mean values was performed by a Fisher's LSD test. A Chi-2 test was used to determine the effects of an acute i.v. administration of the preparations on the number of hearts which had recovered a measurable RPP during reperfusion. A p-value <0.05 was considered as significant. All calculations were performed using the Statview software (Abacus Concepts, Cary, USA). Table III . Pre-ischemic cardiac function. 
Control rats versus n-3-depleted animals, p<0.05. LVDP (mmHg), left ventricular developed pressure; HR (bpm), heart rate; RPP (mmHg x10 3 /min), rate x pressure product; Cf (ml/min/g wet weight), coronary flow; JO 2 (μmolO 2 /min/g wet weight), oxygen consumption; Jlactate (μmol/min/g wet weight), lactate flux. Values are means ± SEM. Statistical comparisons were made using a one-way analysis of variance.
- Figure 1 . Influence of the n-3 PUFA deficiency on the rate x pressure product recovery after a 20-min zero-flow normothermic ischemia. The number of experiments was 8 and 13 for control and n-3-depleted rats, respectively. All animals were injected with the saline solution. Statistical comparisons were made using a repeated measurement analysis of variance. A comparison of the means was performed with a Fisher's LSD test. Group ef., effect of the n-3 PUFA deficient diet; C.I., cross-interaction; NS, not significant; a, significantly different by Fisher's LSD test (D, n-3 depleted rats; C, control rats).
Results
Animal model. At about the same age (14 weeks), body weight of n-3-depleted rats was higher than that of control rats (476±8 g, n=33 versus 432±8 g, n=24; p<0.001). In the former animals, heart weight measured after ischemiareperfusion (I/R) was also significantly higher than that in control rats (2.46±0.07 g, n=20, in n-3-depleted rats versus 1.95±0.06 g w.w., n=24, in control rats; p<0.001). The ratio between body weight and heart weight in n-3-depleted rats was significantly lower than that in control rats (200.70±5.42, n=20, in n-3-depleted versus 224.15±5.38, n=24, in control rats; p<0.01). Table III . After saline injection, LVDP was significantly lower in the n-3-depleted rats than in control animals (-44%). HR was not affected by n-3 PUFA deficiency. As a consequence the RPP, which is considered a reliable index of the mechanical work, was significantly reduced in the n-3-depleted rats (-25%). There was no difference in Cf, JO 2 and Jlactate between both groups. However, the calculation of the ratio between RPP and JO 2 indicated that cardiac efficiency was significantly (p<0.05) decreased in the n-3-depleted rats (5.34±0.63 mmHg x10 3 /μmolO 2 /g, n=14) versus control animals (9.50±1.21 mmHg x10 3 /μmolO 2 /g, n=7). In the rats injected with MCT:FO and MCT:OO preparations, cardiac function was, as a rule, not significantly different from that in saline-injected animals. Nevertheless, prior injection of the MCT:FO preparation lowered (p<0.025) Cf in control rats. Such was not the case in n-3-depleted rats.
Pre-ischemic cardiac function. Data on cardiac function at the end of the 20-min stabilization period is documented in
Because of the difference of cardiac function between control and n-3-depleted animals, all the results obtained during reperfusion were expressed as a percentage of the paired pre-ischemic value.
Post-ischemic cardiac function. The effect of I/R was first evaluated in rats injected with saline ( Fig. 1) . During reperfusion, the recovery of RPP did not significantly differ between n-3-depleted and control rats. However, in addition to a higher value for the first measurement during reperfusion, the n-3 PUFA deficient diet had an obvious effect from the 25th min of reperfusion onwards. In the n-3-depleted group, RPP progressively decreased between min 25 and 40 of reperfusion, whereas it remained stable in the control group (ANOVA, 'lipid profile x time' interaction, p<0.05). The number of hearts with a not null recovery of mechanical activity after ischemia was 7 out of 8 in the control rats and 12 out of 15 in the n-3-depleted rats. Results for LVDP, HR, Cf, JO 2 and Jlactate revealed no significant difference between control and n-3-depleted animals. To illustrate these results, the area under each curve was determined over the 40-min reperfusion period for all parameters (Table IV) .
The recovery of RPP did not differ between control rats injected with either MCT:FO or the MCT:OO preparation ( Fig. 2A) . A similar response pattern was observed for LVDP, HR, Cf and JO 2 (Table IV) . However, since no difference in RPP was observed between animals injected with MCT:FO or MCT:OO, data obtained with both preparations were pooled. Table IV . Post-ischemic cardiac function.
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Under these conditions, RPP during reperfusion was significantly higher in rats injected with the lipid preparations (+22% at the end of the reperfusion) than in those injected with saline. For myocardial oxygen consumption, values were significantly lower in animals injected with lipid preparations (-15%) than in those injected with saline (Fig. 2B) . Jlactate was significantly lower in rats injected with MCT:FO than in those injected with MCT:OO or saline (Fig. 3) . The difference failed to achieve significance (p=0.06) between animals injected with MCT:OO and those injected with saline. Nevertheless, when pooling together the data obtained with MCT:FO and MCT:OO preparations, Jlactate during reperfusion was significantly decreased as compared to that of animals administered saline.
An acute injection of lipid preparation in n-3-depleted rats significantly increased RPP during the 40-min reperfusion period by comparison to saline injection. The difference between MCT:FO and MCT:OO injections did not reach Figure 2 . Effect of the acute injection of the MCT:FO and MCT:OO preparations on the rate x pressure product (A) and oxygen consumption (B) recovery after a 20-min zero-flow normothermic ischemia in control rats. The number of experiments was 8 per treatment for the rate x pressure product, 7 and 6 for MCT:OO and MCT:FO respectively for oxygen consumption. Statistical comparisons were made using a repeated measurement analysis of variance. Group ef., effect of the acute injection; C.I., cross-interaction; NS, not significant. (FO + OO), the RPP and oxygen consumption data during reperfusion obtained with the MCT:FO and MCT:OO preparations were pooled. OO preparations on the rate x pressure product recovery after a 20-min zeroflow normothermic ischemia in n-3-depleted rats. The number of experiments was 15, 13 and 6 for n-3-depleted animals injected with the saline solution, MCT:OO and MCT:FO preparations, respectively. Statistical comparisons were made using a repeated measurement analysis of variance. Group ef., effect of the acute injection; C.I., cross-interaction; NS, not significant. The effect of the MCT:FO and MCT:OO preparations on the RPP were compared during the first and the last 20-min reperfusion period using a repeated measurement analysis of variance.
statistical significance (p=0.07, Fig. 4 ) when expressed for the whole 40 min reperfusion period. However, in the first 20-min of reperfusion, RPP measured in hearts of animals injected with MCT:FO was higher than that in hearts of animals injected with MCT:OO (p<0.05). Furthermore, the number of hearts recovering a measurable RPP was higher after MCT:FO injection as compared to saline (p<0.05, Chi-2 test).
The results of LVDP and HR are shown in Table IV . LVDP recovery was enhanced in n-3-depleted animals injected with MCT:OO preparation as compared to those injected with saline (p<0.05). The mean values for LVDP recovery were comparable between MCT:OO-and MCT:FO-injected animals. HR recovery was similar in the 3 groups. Cf and JO 2 were significantly increased during the 40-min reperfusion period after MCT:FO-as compared to saline injection (Figs. 5A  and B) . There was no difference between the values obtained after MCT:OO versus saline injection. Jlactate was not affected by the injection of lipid preparations (Table IV) .
Discussion
Effect of n-3 PUFA deficiency on basal cardiac function and responsiveness of the heart after ischemia. A first important information from this study is that the n-3 PUFA deficient diet significantly depresses cardiac function at the end of the 20-min stabilization period. Both LVDP and RPP were reduced, as well as the ratio between RPP and JO 2 which is considered as a reliable index of cardiac metabolic efficiency. Several possibilities could be considered to explain this effect. Firstly, the n-3 PUFA deficient diet may change the balance between carbohydrate and fatty acid oxidation towards a higher contribution of fatty acids for ATP production. A decrease in glucose uptake was observed in the brain of a n-3 PUFA deficient rats (17) . However, this is unlikely to account to any great extent for the above mentioned change in the ratio between RPP and JO 2 , because of the close ATP/O ratio between carbohydrate (3.0) and fatty acid (2.8) oxidation. Secondly, the n-3 PUFA deficient diet may modify the yield of oxidative phosphorylation pathway independently of substrate utilization. In other words, the number of ATP moles produced per O 2 consumed (energy yield of O 2 ) could be lower in n-3-depleted versus control animals, irrespective of the substrate used, as a result of wasting processes. Studies in both isolated mitochondria and intact cells have shown that n-3 PUFA deficiency causes an increase in proton permeability of the inner mitochondrial membrane, similar to that caused by the classical protonophore 2,4-dinitrophenol (18) . Thirdly, the n-3 PUFA deficient diet could alter energy transfer from mitochondria to sites of energy utilization through an effect on phosphotransfer kinases (19) .
During reperfusion, the mean recovery of RPP in hearts of n-3-deficient rats decreased at the end of reperfusion, whereas hearts from control animals could maintain sustained RPP values throughout reperfusion. These results suggest that the n-3 PUFA deficient diet may increase the severity of cellular damage after zero-flow ischemia in isolated perfused rat hearts. In this respect, Nasa et al have shown that deprivation of fish oil from the diet enhances the susceptibility of cardiomyocytes to hypoxic injury (20) . The mechanisms by which the n-3 PUFA deficient diet could increase the severity of myocardial ischemia are not clear. However, an enrichment of membrane phospholipids with n-3 PUFA was shown to alter the properties of key enzymes and to modify calcium homeostasis during I/R (21). In control animals, there was no difference in RPP recovery between those injected with saline or with one or the other lipid preparation. Nevertheless, when RPP values obtained with MCT:FO and MCT:OO (which were not different from one another) were pooled, RPP recovery was faster in hearts of animals injected with these preparations as compared to those injected with saline. The improvement of RPP recovery could be due to the presence of ·-tocopherol, a free radical scavenger, in both MCT:FO and MCT:OO preparations. During the first minutes of reperfusion, production of reactive oxygen species occurs at a high magnitude and plays a crucial role in molecular and cellular damage (22). Furthermore, in vivo and ex vivo studies have suggested that administration of Trolox (a hydrophilic analogue of ·-tocopherol) may enhance cardiac function recovery after ischemia (23, 24) .
Effect of an acute i.v. injection of MCT:FO and MCT:OO preparations on cardiac function recovery post-ischemia in
In control rats, the acute injection of lipid preparations significantly decreased Jlactate during reperfusion. In most clinical situations of post-ischemic reperfusion, the heart is exposed to high levels of fatty acids (25) . Reperfusion of reversibly injured ischemic myocardium results in a rapid recovery of fatty acid oxidation with rates often exceeding pre-ischemic levels (26) . This high rate of fatty acid oxidation inhibits glucose oxidation to a much greater extent than nonoxidative glycolysis, resulting in a so-called uncoupling between the rates of glycolysis and glucose oxidation (27) . When the rate of non-oxidative glycolysis is high, this potentially important source of H + production during reperfusion could contribute to acidosis and calcium accumulation and ultimately to an impaired recovery of cardiac function (27) . As a result, cardiac function recovery could be impaired. Therefore, we propose that decrease in Jlactate observed during reperfusion in hearts from rats injected with the lipid preparations to be beneficial for RPP recovery through an improvement of glucose metabolism coupling.
In n-3-depleted animals, the acute i.v. injection of the MCT:FO and MCT:OO preparations improved cardiac function recovery following a 20-min total normothermic ischemia. In this respect, administration of MCT:FO led to superior results during the first 20 min of reperfusion than MCT:OO injection. Furthermore, RPP decreased at the end of the reperfusion period in saline and MCT:OO groups, whereas it remained stable in the MCT:FO group. In a dog model of post-myocardial infarction, Billman et al have demonstrated the potential for a 1 h infusion of pure n-3 PUFAs to prevent ischemia-induced ventricular fibrillation (28) . Cardiac rhythm could not be closely monitored in the present study but the drop of RPP observed in the saline and MCT:OO groups was associated with periods of null developed pressure, suggesting either tachycardia or fibrillation (data not shown). The mechanism of action of the MCT:FO emulsion can be related to the incorporation of EPA and DHA in (or between) membrane phospholipids. In comparable experimental conditions, the content of EPA and DHA in heart phospholipids of rats injected 60 min before sacrifice with MCT:FO represented 119.3±5.2% (n=12, p<0.005) of the mean values found in animals injected with MCT:OO (100.0±3.4%, n=12) (unpublished data).
In parallel to the enhanced recovery of mechanical activity in n-3-depleted rats injected with MCT:FO, Cf and JO 2 recovery was significantly increased during the 40-min reperfusion as compared to values measured in the saline group. An increase of post-ischemic myocardial blood flow was reported in animals supplemented with fish oil, and associated to an improved NO synthesis (29) . The increase of myocardial oxygen consumption can be related to RPP recovery. However, a marked uncoupling between myocardial oxygen consumption and cardiac work was observed, mainly in the MCT:OO and saline groups. Several mechanisms can contribute to this mismatch, including mitochondrial dysfunction (30) , heterogeneous microcirculation (31), desynchronized contractions (32), altered excitationcontraction coupling (33) and/or increased energy demand for contractile work (31) . A shift toward increased utilization of fatty acids could also be considered (25) .
In conclusion, n-3 PUFA deficiency in rats was shown to decrease cardiac efficiency during the pre-ischemic period and to impair recovery of cardiac function after a zero-flow ischemia in isolated perfused rat hearts, suggesting an increased severity of myocardial ischemia. A bolus i.v. injection of the lipid preparation MCT:FO 60-min before heart removal led to an enrichment of heart phospholipids with n-3 PUFA, and to a significant improvement of cardiac function recovery. The potential to rapidly correct n-3 PUFA deficiency may offer interesting perspectives in the management of acute ischemic accidents such as myocardial infarction and stroke.
